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Abstract 
Objectives: Thyroid disorders are a significant health concern in India and globally, being the second most 

common disease. Cognitive impairment associated with thyroid disorders is often neglected by healthcare 

providers, necessitating improved awareness and screening to identify neurocognitive changes in affected 

individuals. This study aimed to determine the prevalence of cognitive impairment in thyroid disorders and 

identify the associated risk factors. This study also predicted the risk of the development of cognitive 

impairment using a machine learning algorithm and was conducted in a tertiary hospital in South India.  

Materials and Methods: A prospective observational study was conducted among 202 patients with thyroid 

disorders over six months. In order to achieve primary and secondary goals, tools such as the M-ACE 

questionnaire and XGBoost algorithm were used. Data were collected using a validated form and analyzed using 

standard statistical methods.  

Results: Among the studied population, 29.21% were cognitively impaired, with an average M-ACE Score of 

22.56± 2.62. Age, duration of illness, BMI, comorbidities, and tobacco chewing were significant contributors 

when factors were analyzed for their association with cognitive impairment. A similar number of people with 

hypothyroidism and hyperthyroidism had a >75% risk of developing cognitive impairment in the near future.  

Conclusion: This study revealed that thyroid disorders have significant effects on the cognitive status of 

individuals and were also successful in predicting future risk. 

Keywords: Thyroid disorders, cognitive impairment, machine learning, XGBoost 

  



  

Ankara Med J, 2023;(3):256-268  //   10.5505/amj.2023.89990 

257 
 

Introduction 

In the Indian population, endocrine disorders are prominent, and thyroid problems comprise a significant 

subset of these conditions.1,2 Globally, as in India, thyroid disorders are the second most common disease.3 The 

term "thyroid disorder" refers to a broad category of medical conditions that prevent the thyroid gland from 

producing the appropriate amount of hormones. The levels of triiodothyronine (T3), thyroxine (T4), and 

thyroid stimulating hormone (TSH) in the blood indicate a spectrum of diseases that present as either hypo or 

hyperfunctioning of the thyroid gland.4 Thyroid hormone abnormalities may result from conditions affecting 

the thyroid gland itself (primary), pituitary conditions (secondary), or conditions affecting the hypothalamus 

(tertiary).2 

Cognitive impairment is a frequently experienced problem among individuals with thyroid disorders, but it 

may be overlooked by healthcare providers if patients do not specifically report any changes in their 

neurocognitive functioning.5,6 Various factors, including sociodemographic variables (such as age, sex, marital 

status, educational status, and job status), comorbid medical conditions (such as hypertension, cardiovascular 

diseases, diabetes mellitus, and chronic kidney disease), behavioral factors such as tobacco chewing, drinking 

alcohol, and cigarette smoking, and disease-related factors such as duration of illness and thyroid hormone 

levels, contribute to future cognitive functions.5 In particular, low thyroid hormone is a common risk factor for 

the occurrence of cognitive impairment in aged females.7 According to studies determining the prevalence of 

cognitive impairment in thyroid disorders, the prevalence of cognitive impairment in hypothyroid patients was 

27.3%.5 In hyperthyroidism, cognitive impairment was noticed as a common issue.8 People diagnosed with 

hyperthyroidism were having a major decline in their cognitive health compared to euthyroid patients.9 In 

hospitalized elderly hyperthyroid patients the prevalence of cognitive impairment was 52% with 33% 

dementia and 18% confusion.8,10 

Artificial intelligence (AI) is being used more frequently, which will probably alter how clinical evaluations and 

training are conducted. To ensure the potential of AI to improve medical care dramatically, doctors can 

collaborate in developing this technology for its application in medical care. This process generally entails 

gathering data, creating effective methods for using them, showing precise or approximate conclusions, and 

self-corrections/adjustments. AI is typically used to analyze machine learning to mimic human cognitive 

function. AI technology is used to conduct more accurate analyses and to achieve helpful interpretations.11 This 

technology was used as a predictive model in this study.  

This study aimed to determine the prevalence of cognitive impairment in patients with thyroid disease and 

identify the associated risk factors. Extreme gradient boosting (XGBoost) was also used to predict the risk of 

cognitive impairment.  
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Materials and Methods 

A prospective study was conducted for six months in a research and training hospital with 202 diagnosed 

thyroid patients. The selected participants were of both genders, within the age range of 18 to 85 years. They 

displayed diverse clinical profiles, including comorbidities, educational levels, and social behaviors. 

Additionally, our sample had individuals from rural and urban areas, ensuring a comprehensive representation 

of thyroid patients across various demographic backgrounds. 

Further, strict measures were taken to confirm that the selected participants had no prior history of seizure, 

epilepsy, stroke, schizophrenia, major depressive disorder, bipolar disorder, obsessive-compulsive disorder 

(OCD), brain tumor, head injury, or neurosurgery. Additionally, patients in critical condition, unable to 

communicate verbally or previously diagnosed with hearing impairments were excluded from the study. 

Notably, the study focused solely on diagnosed and under-treatment thyroid patients, meaning individuals with 

subclinical thyroid conditions were not part of our investigation. Therefore, the impact of subclinical conditions 

on cognitive health was not assessed in this study. This approach ensured a participant cohort with distinct 

clinical characteristics, providing a focused foundation for our study.  

The data collection form was designed such that it contained separate sections for demographic details, patient 

history, lab values, and Mini Addrenbrooke's Cognitive Examination (M-ACE) scores. Patients' consent to 

participate in the study was obtained using an informed consent form in Kannada or English. First, the patient's 

demographic details were collected using a case sheet or direct patient interviews. The prevalence of cognitive 

impairment in thyroid patients was assessed using the M-ACE Questionnaire, and factors associated with 

cognitive impairment were collected, analyzed, and entered into an Excel sheet. Patients without any cognitive 

impairment were assessed for the risk of developing cognitive impairment using the XGBoost machine learning 

algorithm. XGBoost, which stands for extreme gradient boosting, is a machine learning algorithm. It is an 

optimized distributed gradient-boosting library designed to be highly efficient, flexible, and portable. It 

provides parallel tree boosting and is the leading machine-learning library for regression, classification, and 

ranking problems. It also has additional features for cross-validation and identification of important variables. 

The XGBoost model has the best combination of prediction performance and processing time compared to 

other algorithms. 

The collected data were entered into Microsoft Excel Professional Plus 2016 and analyzed using the 

International Business Machine Statistical Presentation System Software (IBM SPSS) Version 25 for Windows. 

Categorical data are presented as frequencies and percentages. Quantitative data are represented as the mean 

and standard deviation (SD), and associations between categorical variables were assessed using the chi-
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square test. Quantitative variables were compared using unpaired t-tests and analysis of variance (ANOVA). A 

p-value <0.05 was considered statistically significant. 

Results 

A total of 202 thyroid patients with an average age of 45.92 years participated in this study, with a 

predominance of females (77.23%) (Table 1). In addition, 14.36% of patients admitted to engaging in substance 

abuse habits, including 5.94% of smokers, 5.45% of drinkers, and 2.97% of tobacco chewers. When the body 

mass index (BMI) was calculated, 50.99% of the population was identified as having a healthy weight, 33.66% 

was overweight, 9.90% was obese, and the remaining population was underweight. Comorbidities were 

present in 59.90% of the patients; the majority had diabetes (24.75%) and hypertension (22.77%), and the 

remainder had other comorbidities. Hypothyroidism (80.69%) was the major thyroid disorder among the 

participants, followed by hyperthyroidism (12.38%), and the rest were diagnosed with other thyroid 

conditions (6.93%). When the duration of illness was considered, 66.34% of the patients had thyroid disorders 

for ≤5 years (Table 2). 

Table 1. Sociodemographic data of thyroid patients 

Variables  Category n % 

Age 

18-28 
29-38 
39-48 
49-58 
59-68 
69-78 
79-88 

34 
31 
49 
42 
33 
8 
5 

16.83 
15.35 
24.26 
20.79 
16.34 
3.96 
2.48 

Sex 
Female 

Male 
156 
46 

77.23 
22.77 

Residential area 
Rural 
Urban 

91 
111 

45.05 
54.95 

Educational status 
≤ 8 

9 – 12 
> 12 

64 
89 
49 

31.68 
44.06 
24.26 

Job-status 
Employed 

Unemployed 
Retired 

89 
107 

6 

44.06 
52.97 
2.97 

 

 

 



  

Ankara Med J, 2023;(3):256-268  //   10.5505/amj.2023.89990 

260 
 

Table 2. Social behavior and clinical characteristics thyroid patients 

Variables  Category n % 

Social Habits 

Smoking 
Alcohol 

Tobacco Chewing 
Nil 

12 
11 
6 

173 

5.94 
5.45 
2.97 

85.64 

BMI 

Underweight 
Healthy weight 

Overweight 
Obese 

 

11 
103 
68 
20 

5.45 
50.99 
33.66 
9.90 

Comorbidities 
Yes 
No 

121 
81 

59.90 
40.10 

Thyroid disorders 
Hypothyroidism 
Hyperthyroidism 

Other thyroid conditions 

163 
25 
14 

80.69 
12.38 
6.93 

Duration of illness 

≤5 
6-10 

11-15 
>15 

134 
52 
13 
3 

66.34 
25.74 
6.44 
1.48 

 

Prevalence of cognitive impairment 

In this study, the prevalence of cognitive impairment in patients with thyroid disorders was 29.21%. The 

severity of cognitive impairment was also tested according to the M ACE scores gained by the cognitively 

impaired patients, where 89.83% had mild cognitive impairment (MCI) and 10.17% had dementia. Of the 59 

cognitively impaired patients, 72.88% had hypothyroidism, 15.25% had hyperthyroidism, and the rest had 

other thyroid conditions (Table 3).  

Risk factors associated with cognitive impairment in thyroid patients 

The chi-square test assessed many sociodemographic, social-behavioral, and clinical characteristics for their 

association with cognitive impairment. Among these factors, age (p<0.010), duration of illness (p=0.030), BMI 

(p=0.040), tobacco chewing (p=0.040), and comorbidities (p=0.002) were significantly associated with 

cognitive impairment in patients with thyroid disorder (Table 4). 

Table 3. Prevalence of cognitive Impairment 

Variables Category n (%) 

Cognitive Impairment 
Present  
Absent 

59 
143 

29.21 
70.79 

Severity of Cognitive 
impairment 

Mild  
Dementia 

53 
6  

89.83 
10.17 

Cognitive impairment in 
thyroid disorders 

Hypothyroidism 
Hyperthyroidism 
Other thyroid conditions 

43 
9 
7 

72.88 
15.25 
11.86 
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Table 4. Risk factors associated with cognitive impairment in thyroid patients 

Variables 

Cognitive Impairment  
No. of Cases (%) 

Normal   
No. of Cases (%) Chi-Square Test,  

p-value 
n % n % 

Age 
18-28 4 6.78 30 20.98 

p<0.010 

29-38 10 16.95 21 14.69 
39-48 13 22.03 36 25.17 
49-58 10 16.95 32 22.38 
59-68 14 23.73 19 13.29 
69-78 5 8.47 3 2.10 
79-88 3 5.08 2 1.40 
Gender 
Male 15 25.42 31 21.68 

p=0.564 
Female 44 74.58 112 78.32 
Education  
≤ 8 19 32.20 45 31.47 

p=0.948 9-12 25 42.37 64 44.76 
> 12 15 25.42 34 23.78 
Residential area 
Rural 29 49.15 62 43.36 

   p=0.452 
Urban 30 50.85 81 56.64 
Employment Status 
Employed 24 40.68 65 45.45 

p=0.817 Unemployed 33 55.93 74 51.75 
Retired 2 3.39 4 2.80 
Body Mass Index 
Underweight 6 10.17 5 3.50 

p=0.040 
Healthy weight 22 37.29 81 56.64 
Overweight 24 40.68 44 30.77 
Obese 7 11.86 13 9.09 
Social Habits 

Tobacco Chewing Yes 4 6.78 2 1.40 p=0.040 
 No 55 93.22 141 98.60  

Smoking 
Yes 3 5.08 9 6.29 p=0.740 
No 56 94.92 134 93.71  

Alcohol 
 

Yes 2 3.39 9 6.29 p=0.410 
No 57 96.61 134 93.71  

Comorbidities 
Present  45 76.27 76 53.15 

p=0.002 
Absent 14 23.73 67 46.85 
Duration of illness 

0-5 32 54.24 102 71.33 
p=0.030 

6-10 20 33.90 32 22.38 
11-15 7 11.86 6 4.20  
> 15  0 0.00 3 2.10  

(Significant values are shown in bold) 
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Due to differences in the reference values of the thyroid function test, patients were segregated into age groups 

≤60 years and >60 years to determine the relationship between thyroid hormones and cognitive impairment. 

When normal vs. below normal and normal vs. above normal levels of T3, T4, and TSH were compared 

individually, hypothyroidism was significantly associated with T3 (below normal), T4 (below and above 

normal), TSH (above normal), in patients with cognitive impairment aged ≤60 years, whereas T3 (below 

normal), T4 (below normal), and TSH (above normal) showed a significant association with cognitive 

impairment in patients aged >60 years (p <0.001). Meanwhile, in hyperthyroidism, when comparison of normal 

vs. below normal and normal vs. above normal levels of T3, T4, and TSH were done individually, a significant 

association was found between T3 (above normal), T4 (above normal), TSH (below normal), in patients with 

cognitive impairment aged ≤60 years (p <0.001) (Table 5). 

Table 5. Thyroid function test 

Hypothyroidism 

Age (in years)  T3 (in ng/dL) 
Mean (SD) 

T4 (in µg/mL) 
Mean (SD) 

TSH (in µIU/dL) 
Mean (SD) 

≤ 60 years 

Normal 0.98 (0.24) 6.94 (2.12) 2.88 (0.91) 
Below  0.29 (0.22) 1.42 (1.7) 0.05 

Unpaired t-test, p-value <0.001* <0.001* ⁃ 
Normal 0.98 (0.24) 6.94 (2.12) 2.88 (0.91) 
Above 2.54 13.91(1.3) 17.56 (11.24) 

Unpaired t-test, p-value ⁃ <0.001* <0.001* 

> 60 years 

Normal 0.92 (0.35) 7.29 (2.29) 4.82 (5.64) 
Below  0.2 (0.05) 2.54 (1.06) ⁃ 

Unpaired t-test, p-value <0.001* <0.001* ⁃ 
Normal 0.92 (0.35) 7.29 (2.29) 4.82 (5.64) 
Above 1.96 11.15 18.8(5.35) 

Unpaired t-test, p-value ⁃ ⁃ <0.001* 
Hyperthyroidism 

Age (in years)  T3 (in ng/dL) 
Mean (SD) 

T4 (in µg/mL) 
Mean (SD) 

TSH (in µIU/dL) 
Mean (SD) 

≤ 60 years  

Normal 1.14 (0.28) 9.62 (0.55) 1.52 (0.91) 
Below  ⁃ ⁃ 0.09(0.13) 

Unpaired t-test, p-value ⁃ ⁃ <0.001* 
Normal 1.14 (0.28) 9.62 (0.55) 1.52 (0.91) 
Above 4.18 (1.29) 19.7 (9.67) ⁃ 

Unpaired t-test, p-value <0.001* <0.001* ⁃ 

> 60 years 
  

Normal 1.84 ⁃ 2.25 
Below  0.11 1.03 0.19 (1.13) 

p-value ⁃ ⁃ ⁃ 
Normal 1.84 ⁃ 2.25 
Above 7.25 15.6 (11.84) ⁃ 

p-value ⁃ ⁃ ⁃ 
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Risk prediction of cognitive impairment in thyroid patients with normal cognition 

Cognitive impairment risk in thyroid patients with normal cognition during the study was predicted using the 

XGBoost machine learning algorithm (accuracy = 96.40%). Among 143 thyroid patients with normal cognition 

(M-ACE score > 25), 66 (46.15%) had a ≤25% risk of cognitive impairment, 15(10.49%) had a 26-50% risk, 34 

(23.78%) had a 51-75% risk, and 27 (18.88%) had more than a 75% risk of developing cognitive impairment 

in the near future (Table 6). Table 6 also depicts the risk prediction of cognitive impairment in each thyroid 

disorder, where patients with hyperthyroidism (18.75%) and hypothyroidism (18.33%) showed almost 

similar results in more than 75% risk of developing cognitive impairment when compared to other thyroid 

conditions. 

Discussion 

The main focus of this study was to assess the relationship between thyroid disorders and cognitive 

impairment and to predict the future risk of cognitive impairment in thyroid patients. All participants were 

previously diagnosed with a thyroid condition and were 18 to 85 years old. Their compliance with inclusion 

and exclusion criteria was also verified. The overall prevalence of cognitive impairment in patients with thyroid 

disorders was approximately one-fourth (29.21%) of the total participants. Among those with cognitive 

impairments, nine out of ten (89.83%) exhibited mild cognitive impairment (with M-ACE scores ranging from 

19-25), while the rest (10.17%) had dementia (with M-ACE scores of ≤18). Slightly over a quarter of the 

hypothyroid patients (26.38%) demonstrated cognitive difficulties, aligning with the findings of the study 

conducted by Mulat B et al., showing a prevalence of 27.3%.5 Conversely, approximately one-third (36.00%) of 

hyperthyroid patients demonstrated cognitive impairment.  

After considering sociodemographic data, social behavior, and clinical factors associated with cognitive 

impairment, increased age, increased duration of illness, abnormal BMI, tobacco chewing, and comorbidities 

were found to be significantly linked. These findings were supported by the study conducted by Mulat B et al.5 

Regarding sociodemographic variables, increased age was significantly associated with cognitive impairment, 

which agreed with the study conducted by Osterweil et al., which demonstrated a significant correlation 

between age and cognitive impairment in adult hypothyroid patients.12 According to Zhang et al., age-

dependent thyroid insufficiency encourages exosomal transfer of peripheral ApoE4 into the brain, which 

causes cognitive impairment.13 Other factors such as gender, education, residential area, and employment 

status were not significantly associated with cognitive impairment. Behavioral variables, such as social habits 

(tobacco chewing, smoking, and alcohol consumption) and sleep status, were also analyzed, causing a 

significant association between tobacco chewing and cognitive impairment. This aligns with the notion of the 
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study by Mohammed T et al., except for smoking and alcohol.14 Disease-related factors such as increased 

duration of illness and abnormal T3 were positively associated with cognitive impairment, which resembles 

the results of Mulat B et al.5 Various studies collectively imply that there may be a continuum describing the 

relationship between thyroid function and cognition, where cognitive dysfunction is caused by either increased 

or decreased thyroid hormone concentrations.15 Some evidence shows that mild hypothyroidism causes 

reduced cerebral blood flow in the areas of the brain that control attention, motor speed, memory, and 

visuospatial processing.16 In cases of clinical hypothyroidism, high TSH levels may also reduce cerebral blood 

flow and glucose metabolism.17,18 Patients with hyperthyroidism were found to have higher levels of oxidative 

stress, lower levels of antioxidant metabolites, and increased levels of thyroid hormonal exposure, leading to 

increased neuronal death.19 

While our findings underscore the significant impact of hypo- and hyperthyroidism on cognitive decline, it is 

important to consider the broader context presented in the study by van Vliet et al. Their comprehensive 

analysis, involving a large participant cohort from 23 cohorts, found no significant association between 

subclinical thyroid dysfunction and cognitive function, cognitive decline, or dementia. While our results affirm 

the influence of hypo- and hyperthyroidism on cognitive decline, it is evident that further research is warranted 

to fully elucidate the complex interplay between thyroid function and cognitive health. Additionally, the 

implications of these findings for clinical practice necessitate a careful reevaluation of existing guidelines, 

particularly those advocating for the screening of subclinical thyroid dysfunction to prevent cognitive decline 

or dementia. That underscores the need for a balanced and evidence-based approach to managing thyroid 

disorders in the context of cognitive health.20 Additionally, a meta-analysis by Ye Y et al. implies that 

comorbidities may influence the association between hypothyroidism and cognitive dysfunction.21 When 

comorbidities were not considered, no significant link was found. However, upon accounting for comorbidities 

related to vascular disease, hypothyroidism was associated with a lower risk of cognitive dysfunction. This 

finding contradicts our study results. The authors also emphasize the need for further prospective 

observational studies to better understand this relationship in the future.21 

James C et al. assessed the ability of a machine learning algorithm by comparing two existing models for 

dementia risk prediction (Brief Dementia Screening Indicator- BDSI and Cardiovascular Risk Factors, Aging, 

and Incidence of Dementia - CAIDE) with four different machine learning algorithms (Logistic Regression-LR, 

Support Vector Machine-SVM, Random Machine-RF, XGBoost), which proved that machine learning algorithms 

were superior, in which XGBoost was the most powerful and accurate machine learning approach.22 Thus, our 

study used the XGBoost machine learning algorithm with an accuracy of 96.40% for risk prediction. 

A risk assessment of 143 patients with no cognitive impairment (NCI) for cognitive impairment was performed, 

in which 18.88% had a more than 75% risk of developing cognitive impairment. Patients with hyperthyroidism 
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(18.75%) and hypothyroidism (18.33%) showed similar results in terms of more than 75% risk of developing 

cognitive impairment compared to other thyroid conditions. Thyroid hormones have many target genes that 

are important for many brain functions, and numerous genes acquire important functions in the nervous 

system, such as T3, which plays a crucial role in cerebral cortex development.23,24 One such example of a gene 

regulated by thyroid hormones is Reelin, which is produced by the RELN gene and has many functions, such as 

neuronal migration regulation, dendritic growth, dendritic spine formation, dendritic branching, and synaptic 

plasticity. Therefore, Reelin is related to many brain disorders, such as autism, depression, schizophrenia, and 

Alzheimer's disease.23,25 Moreover, brain-derived neurotrophic factor (BDNF) is involved in cognitive features. 

These levels are increased in the hippocampus, where the highest concentration is observed in the amygdala, 

cerebral cortex, and cerebellum. In the case of severe hypothyroidism due to the decrease in protein expression 

of BDNF, developmental and cognitive issues have been observed, in which memory is the one seen as most 

damaged.26 The habit of loss in decision-making was observed in hyperthyroid patients, possibly because of 

metabolic disorders in the frontal cortex and limbic system.27 The factors that can lead to an increased risk of 

developing cognitive problems in the future can be established from the data of this study. To the best of our 

knowledge, this is the first analysis to predict the risk of cognitive impairment in thyroid patients using the 

XGBoost machine learning algorithm.  

While our study offers crucial insights into the link between thyroid disorders and cognitive function and 

enhances the awareness about the overlooked aspect of cognitive health in thyroid patients, it's important to 

acknowledge some limitations. Though carefully chosen, the sample size may be considered modest, 

particularly when accounting for potential subgroup variations within the population. Additionally, excluding 

participants with specific medical histories may limit the generalizability of our findings, and the potential 

presence of undiagnosed medical conditions could have influenced our outcomes. Focusing on diagnosed 

patients receiving treatment may not fully represent those with milder thyroid conditions, including subclinical 

thyroid conditions. Combining the M-ACE test with ACE III and other cognitive assessment tools could 

strengthen our results. Finally, we could not capture long-term trends due to the six-month duration and cross-

sectional nature. Despite these constraints, our study provides a foundational insight into this critical area of 

research. 

In conclusion, thyroid dysfunction is a key factor in the development of cognitive impairment. Significant risk 

factors for the development of cognitive impairment in patients with thyroid disease include advanced age, 

prolonged disease duration, abnormal BMI, comorbidities, altered T3, T4, and TSH levels, and tobacco chewing. 

Therefore, early screening of cognitive status in patients with the abovementioned risk factors is advised to 

ensure timely diagnosis, prevent disease progression, reduce financial burden, and improve quality of life. 
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Moreover, as AI programs continue to find their place in clinical practice, it is foreseeable that AI will take on a 

prevalent and influential role in evaluating cognitive function among patients with thyroid disorders. Thus, the 

incorporation of AI technologies holds the potential to streamline and enhance the accuracy of cognitive 

assessments, revolutionizing the way of diagnosis and management of cognitive impairment in this patient 

population. 
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